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© A flow regulator 28 for use in an implantable 
drug delivery system, said regulator comprising a 
body 40, 42 having an internal cavity divided by a 
movable diaphragm 44 to define a lower section 46 
and an upper section 48, an inlet 50 for receiving 
fluid from a pressure actuated drug delivery device 
10 in said system and in fluid communication with 



said lower section, an outlet 52 in fluid communica- 
tion with said upper section, a duct means 38 for 
establishing fluid communication between said lower 
and upper sections, and a means 66 for adjusting 
the flow rate to said outlet from said second section 
to a set, predetermined level. 
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ADJUSTABLE FLOW REGULATOR FOR USE IN AN IMPLANTABLE DRUG INFUSION SYSTEM 



This invention is directed to an adjustable flow 
regulator for use in an implantable drug delivery 
system for accurately controlling the flow rate of a 
drug. This invention is an improvement which re- 
lates to a compensating mechanism for an implan- 
table pump. This device is used to deliver drugs at 
a very slow rate over a long period of time between 
subcutaneous refills. 

An implantable infusion pump of the prior art 
(U.S. 3,731,681) utilizes the vapor pressure of a 
two stage gas to maintain a constant pressure on a 
drug flowing through a capillary tube in order to 
maintain a constant flow rate. This technique of 
flow control while simple and reliable is sensitive to 
outside variables such as body temperature and 
atmospheric pressure. 

Another implantable pump system of the prior 
art (U.S. 4,299,220) employs a regulator to com- 
pensate for variations in pressure and temperature 
to provide a more accurate and uniform rate of 
drug delivery. This regulator employs a body hav- 
ing a shallow Internal cavity and a flexible dia- 
phragm in the body which divides the cavity into 
two sections. An outlet from the second of the 
sections is centrally disposed in the wall of the 
cavity underlying the diaphragm. Flexing of the 
diaphragm in one direction contacts an elastomeric 
sealing ring around the outlet and closes the fluid 
passage-way. The inlet of the regulator body is 
connected to the capillary flow line from a pressure 
actuated drug delivery device. The flow line in- 
cludes a capillary restrictor upstream from the inlet 
to the second section. The capillary restrictor is 
thus in series with the flow control valve which is 
formed by the outlet and the diaphragm. When the 
opposing forces on the diaphragm are stable, the 
diaphragm is stationary. If there is a change in 
these forces, the diaphragm deflects either to close 
the valve when the pressure difference is negative 
in the second section or to open the valve if the 
pressure difference is positive in the second sec- 
tion. One of the difficulties in this system is the 
ability to adjust the position of the diaphragm in 
relation to the valve. Consequently, the device 
which is generally a fixed assembly provides a 
widely varying initial flow rate due to manufacturing 
tolerances and is impossible to normalize. 

It is an object of the invention to provide an 
implantable infusion system which can be adjusted 
and calibrated to insure that performance can be 
optimized to design specifications and patient re- 
quirements. 

According to the present invention, there is 
provided an implantable drug delivery system com- 
prising a pressure actuated drug delivery device 



having a housing, a movable bellows dividing said 
housing into a first chamber containing a drug to 
be dispensed and a second chamber containing a 
material exerting pressure on said bellows, means 
s for providing access to said first chamber for refill- 
ing it with a drug, and characterized by an adjust- 
able flow regulator connected to said first chamber, 
said flow regulator having an inlet from said first 
chamber and an outlet to a catheter, a cavity 
70 divided by a flexible diaphragm to define a lower 
section and an upper section, means establishing 
fluid communication between said two sections, 
with said lower section in fluid communication with 
said inlet and with said upper section in fluid com- 
is munication with said outlet, and means for adjust- 
ing the flow rate to said outlet from said upper 
section, whereby said flow regulator is set to a 
predetermined rate. 

The invention and advantages of the invention 
20 will become more apparent from the following de- 
scription taken in conjunction with the accompany- 
ing drawings wherein: 

Fig. 1 is a schematic representation of the ad- 
justable flow regulator according to this inven- 
25 ton when used in conjunction with a pressure 
actuated drug delivery system; and 
Fig. 2 is a section view of the flow regulator as 
illustrated in Fig. 1. 

The implantable drug delivery system of the 
30 present invention is illustrated schematically in Fig. 
1. It comprises an infusion pump 10 with a housing 
12 divided into a drug chamber 16 and a propellant 
chamber 18 by means of a bellows or diaphragm 
20. The infusion pump is implanted under the skin 
35 and the drug chamber may be refilled hypodermi- 
caily utilizing a penetrable resilient fill septum 24. 
The chamber 18 contains "Freon" having a vapor 
pressure such that, under conditions of normal 
body temperature, creates a pressure upon the 
40 bellows 20 to force a drug contained in the cham- 
ber 16 out through the discharge opening 26, 
through a filter 30, to an adjustable flow rate regu- 
lator 28. The regulator incorporates a capillary type 
restrictor 38. 

45 Referring to Fig. 2, the flow regulator 28 com- 

prises a body formed by a top member 40 and a 
bottom member 42. The upper portion of the bot- 
tom member 42 and the lower portion of the top 
member 40 form an interior cavity and have mating 

so surfaces at their peripheries. The mating peripheral 
surfaces of the top member 40 and the bottom 
member 42 are assembled and fastened together 
by any . convenient means such as screws, (not 
illustrated) welding or the like. A resilient dia- 
phragm 44 is welded to an annular flange 41 ex- 
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tending from the top member 40. The diaphragm is 
composed of a flexible but impervious material, 
such as titanium and is disposed in the cavity 
which the diaphragm divides into a lower section 
46 and an upper section 48. The bottom member 
42 has an inlet 50 which communicates with sec- 
tion 46. An outlet 52 communicates with section 48 
and connects the regulator to the catheter 34. 

Fluid from the drug chamber 16 flows through 
inlet 50 into the lower section 46. Fluid from the 
lower section 46 is delivered to the upper section 
48 via duct 51 and opening 54 which are intercon- 
nected to the restrictor 38 via opening 56 and duct 
53. By this technique then, fluid is delivered un- 
restricted to section 46 and then through the re- 
strictor 38 to section 48. Thus, the restrictor 38 
communicates directly across the diaphragm 44; 

The outlet 52 is welded to an adjustable fitting 
58 within top member 40. An O-ring 59 provides a 
seal in a recess of the fitting. The inner surface of 
the adjustable fitting engages a sealed movable 
annular plate 60. The plate 60 has a flexible metal- 
lic seal 64 welded at its periphery in a narrow 
recess in the top member 40 and has an O-ring 
valve 62 near its center. As can be appreciated 
then, adjustment of the fitting 58, produces deflec- 
tion in the plate 60 and O-ring valve 62. Adjustment 
is by means of an internal Castle nut 66. By 
rotation of the Castle nut 66, which bears on a 
flange 68 of the upper adjustable fitting 58. a 
downward pressure is exerted on plate 60 and the 
O-ring valve 62 is urged towards the diaphragm 44. 
When the O-ring valve contacts the diaphragm the 
outlet 52 is thereby effectively sealed off. Adjust- 
ment from that sealed position is a function of 
movement of the Castle nut 66 so that a clearance 
exists between the O-ring valve and the surface of 
the diaphragm. By this technique, effective attenu- 
ation of the flow from section 48 to the outlet 52 
can be established and maintained automatically 
by the varying forces on the diaphragm 44 due to 
changes in body temperature and atmospheric 
pressure. 

This technique also provides for adjustment 
during manufacture to insure that the device is 
properly calibrated. Without such adjustment, the 
operation of the device would be a function of 
manufacturing tolerances which provide an inad- 
equate basis by which to insure a predetermined 
regulated flow given the low volume flow rates. 

In operation, medication from the drug cham- 
ber 16 is forced through the flow line 26 by the 
constant pressure exerted by the material in the 
chamber 18. The medication passing through the 
filter 30 is them delivered to the compensator 
through inlet 50. Medication flows into lower sec- 
tion 46 and via opening 54 into the restrictor 38. 
Then, it is delivered to the upper section 48 and 



through the outlet 52 into the catheter 34. Given 
the fact that there is fluid in both sections 46 and 
48, opposing forces on the diaphragm generally 
null the system so that the diaphragm tends to 

s remain stationery. 

If, however, there is a change in these forces, 
for example, as a result of a decrease in flow 
through the catheter 34 because of a higher at- 
mospheric pressure, then the diaphragm 44 will be 

io deflected downward, due to a build up of pressure 
in section 48. automatically opening valve 62 in- 
creasing flow. If, on the other hand, the pressure in 
section 48 is reduced by a lowering a atmospheric 
pressure such as at a higher altitude, the dia- 

75 phragm will be deflected upward toward O-ring 
valve 62 automatically closing the valve and reduc- 
ing flow. Thus, the position of the diaphragm, which 
is controlled by the pressure differential between 
sections 46 and 48, effectively maintains a constant 

20 or near constant flow rate through outlet 52 to 
catheter 34. 

Given the fact that movement of the diaphragm 
44 to establish a flow rate from a fully seated no 
flow rate condition to the desired dosage level is 

25 very small, as discussed herein adjustability of the 
system is required. Thus, by using the Castle nut 
66 and the adjustable diaphragm feature of mov- 
able plate 60 the initial distance between the O-ring 
62 valve and the diaphragm 44 can be adjusted 

30 and set to give proper flow rate. This is a consid- 
ered to be a significant improvement over prior art 
systems which do not allow for such adjustability. 

It is apparent that modification and variations of 
this invention may be made without departing from 

35 the essential scope thereof. 



Claims 

40 1. A flow regulator 28 for use in an implantable 
drug delivery system, said regulator comprising a 
body 40. 42 having an internal cavity divided by a 
movable diaphragm 44 to define a lower section 46 
and an upper section 48, an inlet 50 for receiving 
45 fluid from a pressure actuated drug delivery device 
10 in said system and in fluid communication with 
said lower section, an outlet 52 in fluid communica- 
tion with said upper section, a duct means 38 for 
establishing fluid communication between said low- 
so er and upper sections, and a means 66 for adjust- 
ing the flow rate to said outlet from said second 
section to a set. predetermined level. 

2. A flow regulator as claimed in claim 1 wherein 
said outlet 52 is mounted in said body and is 

55 movable thereto, and said adjusting means 66 
moves said outlet with respect to said diaphragm 
44.' 

3. A flow regulator as claimed in claim 2 further 
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characterized by an adjustable fitting 58 sealed 
within said body 40 and having a flange 68, said 
outlet 52 connected to said adjustable fitting, a 
movable plate 60 coupled to said adjustable fitting 
and flexibly sealed at the periphery to said body s 
allowing only normal movement in relation to said 
diaphragm 44, said plate including an O-ring valve 
62 engageable with said diaphragm, and wherein 
said adjusting means comprises an adjusting nut 
66 mounted in said body and contacting said ro 
flange 68 on said adjustable fitting, whereby move- 
ment of said nut positions said fitting and said CD- 
ring valve relative to said diaphragm. 

4. A flow regulator as claimed in claim 1, 2 or 3 
wherein said diaphragm 44 is made of a resilient is 
material mounted in said body 40, and said dia- 
phragm is movable in response to a pressure dif- 
ferential between said section 46 and said section 

48. 

5. A flow regulator as claimed in claim 3 further 20 
comprising a flexible metallic seal 64 mounted to 

the periphery of said movable plate 60 and to said 
body 40, said seal movable in response to move- 
ment of said adjusting nut to maintain a seal in said 
section 48. 25 

6. A flow regulator as claimed in any preceding 
claim, wherein said regulator body comprises a 
bottom member 42 having said inlet 50 and a 
recessed portion defining said lower section 46, 

and a top member 40 having said outlet 52 and 30 
said duct means 38 for providing fluid communica- 
tion contained therein, and means to join said body 
members together in a sealed manner. 

7. A flow regulator as claimed in claim 6, wherein 

said top member 40 includes an annular flange 41 35 
with diaphragm 44 mounted on said flange. 

8. An implantable drug delivery system including a 
flow regulator as claimed in any preceding claim. 

9. An implantable drug delivery system according 

to claim 8, said pressure actuated drug delivery 40 
device 10 comprising a housing 12, a movable 
bellows dividing said housing into a first chamber 
16 containing a drug to be dispensed and a second 
chamber 1 8 containing a material exerting pressure 
on said bellows and means 24 for providing access 45 
to said first chamber for refilling it with a drug, said 
first chamber being in fluid communication with 
said inlet 50. 
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